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The purpose of this calculation is to determine optimum outer diameters for the probe casings, to 
prevent buckling direct push and sonic load. This in not a formal analysis and need not follow 
MCP-2374 for format, checking, etc. The results of this analysis support using a 2.5” outer diameter for 
the Lysimeter, Tensiometer, and Vapor Port (Conesipper), In the case of the Soil Moisture Probe, 
where constrained to either 1.75” or 2” off-the-shelf probe casings, the 2” is better. 

References: 
1 I J. Shigley & C. Mischke, Mechanical Enqineerinq Desiqn, Fifth Edition, McGraw-Hill Book 
Company, 1989, ISBN O-07-056899-5. 
2, ASTM A276, “Standard Specification for Stainless and Heat-Resisting Steel Bars and 
Shapes,” 1992. 
3, ASTM A36, “Standard Specification for Carbon Structural Steel,” 1997. 
4, Ryerson, “Stock List,” Data Section. 

Approach [ 1, Sections 3- 14 & 3-l 51: 

1. cof-npute($, 8( ($acha, - (9, = 19 [l , eqn 3-561 

2,lf I, rl 

0 0 k I k actual 

P 
= > Euler Eqn A= 

C R.p*.E FY =- 
A 2 

[ 1, eqn 3-551 

P cr ,* 

=> Johnson Eqn - ‘,cr = 1 y- (z)2-*[k)actJ [l, eqn 3-581 

Materials: 

E sst 3 27.5 1 G6,psi 

Fu sst :I 75ksi 

E cs:m 30 1 G6,psi 

Fu 413:~ 86 ksi 

Fu 434:w 1 Olmksi 

ORIGIN II 1 kip I 1000 Ibf 

Modulus of Elasticity for SST 

ksi I 1 OOOpsi 

Fy sst :I 30 ksi Ultimate & yield strength for 304/3 16 SST per ASTM A2 76 
[2], used in ARA’s instrument casing, 

Modulus of Elasticity for CS 

Fy413:m56ksi 

Fy 434:m 69 ksi 

Ultimate & yield strength for AISI 4130 [4], used in ARA’s 
instrument casing, per Wes Brat-ton telecom (7-7-2000). 

Ultimate & yield strength for AISI 4340 [4], used in ARA’s 
probe casing, per Wes Brat-ton telecom (7-7-2000). 
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CR Ill.2 Fixed-pinned condition 

Lki I 2mp2C R ,E sst 
sst IH 

w sst 
Lki sst =147.354 Buckling lndice for Stainless Steel 

Lki 413:m 1 2.p2C RsE cs 

Fy413 

Lki 434-m 1 2sp2C R *E cs 

Fy 434 

Lki 4l 3 =1 12.648Buckling lndice for AISI 4130 Carbon Steel (casing) 

Lki 434 =1 01.483BucWing lndice for AISI 4340 Carbon Steel (instrument) 

SST/CS Tube: 

l-3/4” OD x 3/8” wall Tube 

od, 75~ 1.75in id l 75:m 1 .Oin w ,75” 5.5071bf 1.75”~0.375” thk tube 
f-t 

t 175:’ 
od175- id 175 

t 

2 l 75 

=0.379in 

175 3 A 175=l.62in2 I 175~pp~d17’mid17$l 
64 

,75=0,41ain4 

k l 75 =0.504rin 

2” OD x 3/8” wall Tube 

od20:w 2.0in id 20:~ 1,25in w 20” 6.508kf 
ft 

od20- id 20 
t20” 2 

t 2. =0.379in 

A 20:$~@2~- idzoj A 2. =l .9Pin2 I 20:mP(Od2R- I 2. =0.67.in4 

2.O”xO.325” thk tube 

k 2. =0,5Pin 
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P mas~u 373001bf Peak dynamic load along probe for 30,000-lbf & 120 Hz input 

L s x 1 Bf=t Unbraced pipe buckling length rN..rows(E) 

11 Ls2Or rl roo :;. cR’r;” II(; yr- ($@imA 2j- 1 ,OP mastL s if Lki r&-, 

ws175r II w ‘75LSl75r ws2or 3 w 2o’Ls2Or 

Lsl 75T =( 4.99 5.13 4.92 )‘ft Ls20T =( 6.353 6,321 5974)Vt Sonic Peak Load Lengths 

Lsl 75T =( 59.93 61.6 59.03)ain Ls20T =( 76.233 75.851 71.685)min 

P mast 
s s175’.- 

Al75 

P mast 
S sl 75 =23.02bksi s s2p- s s20 = 19.484rksi 

A 20 

s s175 - =0.768 
Fy sst 

s s20 - =0.649 
Fy sst 

Wsl75 = (;l;j* %‘i:8fl Ws20 =k;;]@lbf 28.268 Ibf 

Sonic Bucklina Case Lenaths 

Material (I -304/3\ 6, 2-4130, 3-4340) 

8 
1,75” OD x 0.375” thk tube 
2.0” OD x 0.375” thk tube 

c-5 



P push” 11 OOOlbf Direct push load magnitude 

L ,II l*ft Unbraced pipe buckling length I ID 1 ..rows( E) 
P 

[ 1 Lpl7,“11I roo k:;5 cR’p;Fp$ 175~Fyr-(j2~@]~A ,7j- l,25PpushLj if Lki rB-, : 

’ (1 :,“, cR~~~~20~Fyr-(~)2~~~~A2~-l,25PpushL~ Lp20r 11 roo if Lki ,&-, 

wp17,“1 :I w 175LPl7,“1 wp2rJr -I w 2oLp2Or 

Lpl 75T =( 7.41 6.16 5.64 )‘ft Lp20T =( 8093 7,308 6.675)‘ft Direct-Push Load Lengths 

Lpl 75T =( 88.92 73,94 67.72 ]@in Lp20T =( 107.158 87.701 80.096)rin 

304 SST 

wp175 = 4130 cs Wp20 = 

4340 cs 

s 

$ Lpl7E; 

Material (I-304/3\6, 2-4130, 3-4340) 

8 
1.75” OD x 0.375” thk tube 
2.0” OD x 0.375” thk tube 
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Summary: 
Sonic Loading Safety Factor = 1 .O based on Fy (Material Yield Strength for minimum ASTM) 
Direct-Push Loading Safety Factor = 1.25 based on Fy (Material Yield Strength - average) 

Sonic Peak Load 
Lengths SST 4130 4340 

Lsl 75T =( 4.99 5.13 4.92 )I=t 

Lsl 75T =( 59.93 61.6 59.03)rin 

s sl75 

Direct-Push Load 
Lengths SST 4130 4340 

Lpl 7ST =( 7.41 6.16 5.64 )‘ft 

Lpl 75T =( 88.92 73.94 67.72)~in ’ 

- =0.768 Maximum compression/tension stress OK 
Fy St 

Ls20T =( 

Ls20T =( 

Rings Inst. Casing 

6.353 6.321 5.974)‘ft 

76.233 75.851 71.685 )‘in 

Rings Inst. Casing 

Lp20T =( 8.93 7.308 6.675)‘ft 

Lp20’ =( 107.158 87.701 80.096)min 

s s20 - =0.649 
Fy sst 

1 2 3 

Material(1-304/3r16, 2-4130, 3-4340) 

8 

1.75” OD x 0.375” thk tube 
2.0” OD x 0.375” thk tube 

1 2 J 

Material(l-304/3r16, 2-4130, 3-4340) 

8 

1.75” OD x 0.375” thk tube 
2.0” OD x 0.375” thk tube 
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Length Evaluation: 

L inst :~3#in + 6.5in + 12in L inst =21 .5rin Approximate length of SMR instrument 
(Y-tip/lower, 6.5”-rings, 1 2”-upper casing) 

L adm 16in Length of 4130 CS adapter 

L ext ID 1 mm Length of 4340 casing extension 

constructed from 304/316 SST and 4130 CS. 

L stage?’ L inst + L ad, L ext L stagel=6.40&ft Length of 1 st stage to be put into ground 

L stage1 =1.302 NG 
mir( Lsl75) 
mir( Lsl75) =4.919Vt 4340 CS casing 

weak link 

L stage1 =1 072 
mir( Ls20) ’ 

Marginal - recommend reduce 
adapter length. 

mir( Ls20) =5.97&f-t 4340 CS casing SONIC 

weak link 

L stage1 =1.135 NG 
mir( Lpl 75) 

L stage1 =O 96 
mir( Lp20) ’ 

OK 

DIRECT 
PUSH mir( Lp175) =5.644W 4340 CS casing 

weak link 
mir( Lp20) =6.67Wt 4340 CS casing 

weak link 

L stop- -B 2ft Length above ground probe is pushed to by RSI rig - could be varied by procedure. 

L stage2’ L stage f L stop L stage2=8*40bft 

L stage2 =1.709 NG L ‘Oge2 =’ 407 NG 
mir( Lsl75) mir( Ls20) ’ 
mir( Lsl75) =4.91 Wt 4340 CS casing mir( Ls20) =5.97m 4340 CS casing 

weak link weak link 

L stage2 =1.489 NG L stage2 - =1.259 NG 
mir( Lpl 75) mir( Lp20) 
mir( Lp175) =5.64Bft 4340 CS casing mir( Lp20) =6.67Wt 4340 CS casing 

weak link weak link 

Let =’ L stage? L stagep L stop’ L ext L ~age~5.12Wt 

L stage2 
mir( Lsl75) 

=1.042 Marginal OK 

mir( Lsl75) =4.91 Wt 4340 CS casing 
weak link 

L stage2 =0.908 OK 
mir( Lpl 75) 
mir( Lp175) =5.644W 4340 CS casing 

weak link 

mir( Ls20) =5.97m 4340 CS casing 
weak link 

L stage2 =0.768 OK 
mir( Lp20) 
mir( Lp20) =6.67Wt 4340 CS casing 

weak link 

SONIC 

DIRECT 
PUSH 

SONIC 

DIRECT 
PUSH 

Length Summary: Arabs 4340 CS casing is weak link of each length. Recommend that 2” OD is 
used so that more options for length (adapter, stop, etc.) can be addressed. The 1.75” OD is too 
limiting. 
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